This paper presents an evaluation of the effects of search topic characteristics on cognitive and physical search moves within the interface of a thesaurus-enhanced information retrieval environment. Topic characteristics examined here are topic complexity, topic familiarity, search type and prior topic search experience. The data gathering techniques adopted in this investigation included pre-and post-search questionnaires, transaction logs and post-session interviews. Thirty academic staff and postgraduate researchers from the Faculty of Veterinary Medicine at the University of Glasgow participated in this study. Each participant conducted three searches based on their research information needs. The results show that complex topics are associated with significantly more cognitive and physical moves. However, it is perhaps equally important to note that the results indicate that variation in the other topic characteristics did not demonstrate any significant difference in the number of cognitive or physical moves.
The effects of topic complexity and familiarity on cognitive and physical moves in a thesaurus-enhanced search environment
Introduction
The selection of search terms for query formulation and expansion is a key phase in the information retrieval process. In particular, thesauri have been recognized as a useful source for enhancing search term selection [1] [2] [3] . Recent developments in end-user searching and the wider availability of online information retrieval systems together with advances in usercentred interface design have led to the increased use of thesauri as search aids [4] . The present study investigated the interaction of end-users with a thesaurus-enhanced search interface to a large bibliographic database on the web. The aim was to evaluate user interaction in terms of moves made during the search process. In particular, the study sought to explore relations, if any, between the topic characteristics of user queries and the moves they made in a thesaurus-enhanced search environment. The present study builds on previous research into: thesauri as search term sources, information seeking behaviour, and information retrieval interaction.
Prior research
Research on searching behaviour, information retrieval (IR) interface evaluation, search term selection and query expansion has addressed the issue of providing users with terminological assistance to enhance information retrieval. Such assistance may be provided through the inclusion of thesauri and classification schemes within IR interfaces.
Researchers have investigated the searching behaviour of various types of users and have looked in particular at their search term selection behaviour. Studies have suggested that the selection of terms can be improved if thesauri are incorporated into the search interface [5] [6] [7] [8] . A number of researchers have identified thesauri as one of the main sources of search terms in both the query formulation and expansion processes [9, 10] . Intelligent interfaces, through which the vocabulary of a searcher can be automatically matched to the vocabulary of a thesaurus, have also been suggested as being of value [11] .
Another line of investigation, providing evidence for the benefit of incorporating thesauri into interfaces, deals with interactive query expansion and interface evaluation. In a series of experiments on designing various interfaces to the Okapi search engine, it was found that both implicit and explicit use of a thesaurus during automatic and interactive query expansion was beneficial. It was also suggested that while the system can find useful thesaurus terms through the query expansion process, those terms that were explicitly selected by users are of particular value [1, 12] . Other IR interface evaluation studies have found that users view search term selection as a process which requires terminological assistance within the interface [2, 13] .
In addition to the above empirical studies, a number of interfaces enhanced with thesauri have been developed over the last two decades [1, [12] [13] [14] [15] [16] [17] [18] [19] [20] . However very few of these interfaces have been evaluated in terms of the ways in which they support query formulation and expansion. Nor have users' perceptions of issues such as thesaurus interaction and usability in an operational environment been extensively addressed.
Motivation
The number of commercial thesaurus-enhanced search interfaces available to end-users on the web is increasing [4] . However, there has been little explanation of how users interact with these interfaces or of the ways in which end-users' search term selection for query formulation or expansion is affected. This study is interested in specific issues of user-thesaurus interaction such as the identification and classification of moves made by users during the search process and the effects on different move types of search topic characteristics. A study of search moves is important because it should lead to a better understanding of the interactive IR process and shed light on cognitive and physical activities involving users. The search topic characteristics examined in this study are discussed below.
Topic complexity
One of the search characteristics examined was topic complexity. Borgman et al. [21] have pointed out that the concept of the search topic is particularly valuable when investigating its effect on search process variables such as search path or behaviour, rather than simply search outcome variables such as relevance judgment.
Various approaches have been taken to study the search task and its characteristics. These can be generally categorized as search tasks characteristics, query structure characteristics, and search topic characteristics. Hansen [22] has identified a list of significant search task characteristics and their importance in designing interfaces for IR interaction. Some of these task distinctions included: simple vs complex, active vs passive, and structured vs unstructured. Bystrom and Jarvelin [23] have investigated the effect of task complexity on information-seeking behaviour. Research has also been carried out on query structure and complexity and its effect on information retrieval. Kristensen and Jarvelin [24] defined query structure based on the use of operators to express the relations between search keys and have classified queries as having either weak or strong structures. They found that strong query structures lead to better retrieval performance. In a study of the effect of query complexity on web searching results Jansen [25] used a simple vs complex dichotomy based on the number of search terms per query together with the use of Boolean operators to compare results retrieved from different Web search engines. He concluded that increasing the complexity of a query had little effect on search results.
Saracevic et al. [26] describe five categories of questions based on domain, clarity, specificity, complexity and presupposition. They measured the number of search concepts and mapped queries to a fiveEffects of topic complexity and familiarity on cognitive and physical moves in a search environment point scale indicating the level of complexity. Their study concluded that questions with higher complexity had an increased probability of retrieving more relevant and precise results. Efthimiadis [5] has also investigated request characteristics within the context of an interactive query expansion environment. The criteria he used included the subject area of the request, the nature of the enquiry (accurate or vague), and the type of search being undertaken (broad or narrow).
In the present study the analysis of topic complexity has been based on two criteria: the number of search terms per topic and the number of Boolean operators used to transform these terms into a query.
Topic familiarity, prior topic search experience and type of search
Research into the effects of topic familiarity on general search behaviour has shown that some information search behaviours such as reading time and topic complexity vary with respect to topic familiarity. Kelly and Cool [27] suggest that the more familiar a person is with a search topic, the less time they spend reading. Hsieh-Yee [6] in studying the effects of subject knowledge on the search tactics of novice and experienced searchers found that topic familiarity had a significant effect only for experienced searchers where those with a high level of topic familiarity included more synonyms and tried more combinations of search terms.
In the present study topic familiarity was assessed based on a three-point scale. Users were asked to rate their knowledge of the search topic as: very familiar, moderately familiar or unfamiliar. In addition, the users indicated whether or not they had previously performed a search on each topic. Finally, users were asked to define the type of search for each topic as being either broad or specific. These topic characteristics were all elicited through the pre-search questionnaire.
Methodology
The methodology used in a pilot study for the research reported here was outlined in Shiri et al. [28] . This was modified in the light of the results of the pilot experiment as detailed in the following sections.
System
The CAB Abstracts database, the largest bibliographic database in the agricultural sciences, and provided by Ovid on the web, was utilized as the experimental platform. The Ovid search interface was chosen as it serves the purpose and requirements of the present investigation. Ovid CAB has a thesaurus-enhanced search and browse feature in its advanced search mode which allows users to map their search terms to the CAB thesaurus. The interface, as shown in Fig. 1 , makes use of the thesaurus to provide an enhanced search environment. Depending on the users' initial query, the interface shows one of the following three match types to users who may then browse and select terms for querying the CAB Abstracts database: . exact match -the user's term matches exactly one of the thesaurus terms; . permuted index match -the user's term matches partially one of the thesaurus descriptors which are arranged in a permuted index; . statistical match -through statistical analysis the descriptors frequently co-occurring with the user's terms are shown.
Participants
The purpose of this study was to explore the term selection and thesaurus interaction behaviour of real users with genuine information needs. To this end, it was decided to involve researchers from a particular knowledge domain. As Table 1 shows, the participants in the experiment were 30 faculty and postgraduate researchers, who were selected from the Faculty of Veterinary Medicine at the University of Glasgow. This group of participants was targeted due to the fact that their research interests are well covered within the CAB Abstracts database. Fifteen users were faculty members and the rest were postgraduates and doctoral students. Most students were 'clinical scholars' which means they were involved in veterinary practice as well as research. The participants were self-selected through e-mail contact.
Search tasks
There are two main types of search tasks reported in the literature which may be adopted depending on the aims and objectives of a study: assigned search tasks and topics usually defined by the researcher [2, 6, 29, 30] , or real search topics elicited from users in the light of genuine information needs [5, 12, 31] . Borlund and Ingwersen [32] have also introduced the concept of the simulated information need situation.
In the present study, search topics provided by the participants were used to create an environment within which the interaction with the thesaurus and interface was as natural as possible. This decision was made on the assumption that the evaluation of search term selection, query expansion and users' interaction with the thesaurus can be more effectively carried out if users with genuine queries are involved in the study.
The subjects were asked to provide, in a pre-search questionnaire, three search topics on which they would like to conduct searches. They were also asked whether they had previously carried out searches on each topic.
Data gathering techniques
The complex nature of user interaction with IR systems calls for the application of a combination of various data gathering techniques. This study employed both quantitative and qualitative techniques to collect interaction data. A pre-search questionnaire was utilized to capture some user background in addition to the three search topics. Lotus ScreenCam software was used as a monitoring tool to capture the complete user interaction with the interface. A post-search questionnaire elicited a response from users on the search terms and results provided for each topic. A post-session interview was also carried out to gather information on users' general impressions about the 
Experimental procedures
Users came to attend the experiment one at a time. They were initially given a brief description of the research objectives and the stages of the experiment. A short written tutorial was provided to ensure consistency in the introduction to the system. The tutorial provided users with a short description of the database, the search facilities and in particular the thesaurus mapping facility which was available in the advanced search mode. All users performed a practice search to become familiar with the search interface and the thesaurus mapping facility. The practice search was designed in such a way as to provide users with an opportunity to gain experience of a typical thesaurusbased search session and to demonstrate the manner in which thesaurus terms and structure are presented within the OVID interface. Users were then encouraged to use the thesaurus while conducting three searches based on the topics they had specified in the pre-search questionnaires. After each search users filled in a postsearch questionnaire. An interview was also conducted at the end of the session.
Description of key variables
Two types of variables were defined in this study. The independent variables included topic complexity, topic familiarity, search type and prior topic search experience. The dependent variables were cognitive and physical moves. In the following a description of these variables and the ways in which they were defined is provided.
Topic complexity
In order to measure the complexity of the topics searched for by users, the number of search terms and number of operators used in each topic were assessed. For the purpose of comparative analysis the topics were classified as either simple or complex. Topics having more than three search terms or more than two operators were classified as complex and those with three search terms or less and two operators or less were categorized as simple topics. This classification led to around 60% of the searches being defined as simple.
Topic familiarity and prior topic search experience
The total number of topics within each familiarity level and prior experience grouping is indicated in Table 2 .
Search type
Users were asked to determine whether they intended to conduct a broad or specific search. The data gathered through this question was used to analyse whether the type of search had any effect on the moves users made while interacting with the interface. Just over one third of the topics were stated by the users to be specific.
Search moves
Various approaches have been taken to define search moves in studying online search behaviour. For instance Bates [33] introduced a number of search moves or tactics some of which specifically relate to search formulation and search terms. Fidel [34] identified two types of online search move when studying professional searchers, namely operational and conceptual moves. Marchionini et al. [35] in studying user interaction with IR interfaces defined a move as, 'a conceptual act manifested as one or more keystrokes', for instance entering a query string or pressing the page-down key.
Since the theoretical framework underlying the present study focused on cognitive aspects of user interaction with IR systems two general categories of moves were defined for the purpose of analysis: . cognitive moves -in which users perform some kind of conceptual analysis of terms or documents; . physical moves -those associated with the use of system features. Studying these types of move is important as it provides insight into various layers of user interaction and shows the extent to which each move contributes to the whole search process.
Cognitive moves. Seven cognitive move types were identified in the search process. These are shown in Table 3 together with the total number of moves of each type and the mean number per search.
Users can browse thesaurus terms in two ways. Upon inputting a term, a list of exact, partial, or statistically matched terms is displayed. This allows users either to browse the list or click on a particular thesaurus term to see the details of the term in a hierarchical display (a less commonly used approach as can be seen from Table 3 ). Combine search terms indicates the number of times users made a decision as to which search terms would be combined using Boolean operators. Query reformulation encompasses any effort to modify, enhance or expand the query.
Physical moves. In total 10 physical move types were identified. The total and mean number of moves per search are shown in Table 4 . The Back and forward category refers to the browser's facility for backtracking or going forward, while Previous and next page are facilities for flipping through result pages. The Continue move type is invoked when users want to proceed with the search process from the mapping page, the thesaurus page and also the combine search 6. Results
Relationship of topic characteristics to physical and cognitive moves
The topic-related variables were analysed to investigate possible relationships between topic characteristics and the user's search moves. The results are summarized in the succeeding sections.
Topic complexity and cognitive moves. To evaluate the effect of topic complexity on cognitive moves made during the search process a t test was conducted. Since outliers have an undue influence on the general distribution of data, four searches identified as outliers in terms of their number of cognitive moves were excluded to provide a normally distributed data set. As shown in Table 5 , complex topic searches involved around six more cognitive moves per search than those involving simple topics. The t-test showed this difference to be highly significant (p<0.001), and the confidence interval (CI) indicates that there is a 95% probability that the difference lies in the range of 4.9-7.9 moves. This finding is in line with that reported by Marchionini [36] who found that the number of moves was dependent on the task, and that more complex tasks lead to more moves being made during a search. Fowkes and Beaulieu [37] also found that complex topics required a higher level of engagement and effort in areas such as interactive query expansion and the reading of retrieved results.
Topic complexity and physical moves. The difference between the mean number of physical moves with respect to simple and complex topics was also compared using a t-test. Two outliers were excluded to avoid bias when considering physical moves. Table 6 shows that complex topic searches were associated with an average of around seven more physical moves per search than for simple topics. Once again the difference was highly significant (p<0.001) and the 95% confidence interval indicates the typical range of values this difference would fall within. The fact that the level of complexity affects the number of physical moves is consistent with the findings of Marchionini [35] who reported that complex tasks cause users to make more use of system features.
Topic familiarity, topic search experience and search type. The number of search topics excluding outliers and mean number of cognitive and physical moves for each level of topic familiarity are shown in Table 7 .
A one-way ANOVA test indicated that there was no significant difference between topic familiarity levels in either the number of physical (p ¼ 0.07) or cognitive (p ¼ 0.3) moves. However, it can be seen that topics identified as being moderately or very familiar were associated with around two more cognitive and five more physical moves than those topics identified as unfamiliar. These findings can be compared to those reported by Hsieh-Yee [6] who found that subject knowledge affected the searching behaviour of experienced searchers.
The effects on cognitive and physical moves of prior topic search experience and search type were examined. The results are shown in Tables 8 and 9. A t-test was carried out to confirm that there was no relationship between prior topic search experience and cognitive or physical moves. The same test also indicated no significant difference between the means of cognitive or physical moves for broad and specific search types. These findings suggest that neither search type nor previous topic search experience affected the number of moves users made during the search process.
Relationships between independent variables
To test whether there were any relationships between the independent variables; namely topic complexity, topic familiarity, search type and prior topic search experience, chi-square tests were carried out. No relationship was found between any of these variables. Of interest was the finding that there was no relationship between topic familiarity and type of search. This can be seen as contradicting the generally held assumption that the more familiar a user is with a topic, the more specific their search will be. The finding that topic familiarity was unrelated to topic complexity can also be contrasted to the case of expert searchers reported in Hsieh-Yee [6] .
Conclusion
This study investigated the effects of topic complexity, topic familiarity, topic search experience and search type on cognitive and physical moves in a thesaurusenhanced online operational IR system. The findings indicate that an increased number of cognitive and physical search moves were associated with more complex topics. It was also observed that users searching moderately familiar and very familiar topics used more moves than users searching for unfamiliar topics, though this difference was not statistically significant. Type of search and prior topic search experience were found not to affect the number of cognitive or physical moves. Analysis which adopts this approach to the classification of search moves can be of value in the design of IR interfaces. In addition to the identification of major categories of move and their relative frequencies, the approach facilitates an evaluation of the contribution made by each type of move to the overall search process and their importance within the broader set of interactive IR evaluation measures. Results from this study indicate that complex topic searches require more query reformulation and involve users in viewing more search results. The integration of search term and search result spaces could be viewed as one mechanism for improving the interface to better support cognitive moves when performing complex topic searches. Another implication for interface design would be that facilities for query modification and expansion should be made more readily accessible to users carrying out searches associated with complex topics.
When compared with search outcome measures such as relevance judgement or user satisfaction with search results, cognitive and physical moves can be viewed as measures contributing to the evaluation of IR interaction and search efficiency. Furthermore, the introduction of cognitive and physical moves provides a method for assessing the extent to which users take advantage of browse, search and navigation features within an IR system, and can guide the interface design process such that cognitive and physical loads are reduced during a search process. 
